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Experimental 

Crystal data 

C 2 iH 21 FN 3 0 2 P 
M, = 397.38 
Monoclinic, Kj/n 
a = 10.2132 (5) A 
b = 9.8588 (4) A 
c = 20.2711 (9) A 
/3 = 93.621 (2)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 
T min = 0.662, T m „ = 0.745 



Refinement 

R[F 2 > 2a(F 2 )] = 0.039 

wR(F 2 ) = 0.109 

S = 1.04 

3844 reflections 



V = 2037.02 (16) A J 
Z = 4 

Mo Ka radiation 
p. = 0.17 mm~' 
T = 296 K 

0.25 x 0.22 x 0.14 mm 



20105 measured reflections 
3844 independent reflections 
3061 reflections with / > 2o'(7) 
R iM = 0.030 



255 parameters 

H-atom parameters constrained 
A/w = 0.37 e A~ 3 
Ap^ = -0.35 e A~ 3 



In the title compound, C 21 H 21 FN 3 0 2 P, the NH and P(=0) 
groups of the C(=0)NHP(=0) fragment are in a syn 
arrangement with respect to each other, as are the two amide 
H atoms of the two CH 3 -4-C6H 4 -NH moieties. In the crystal, 
molecules are linked through N— H- ■ 0(=P) and N— 
H- ■ 0(=C) hydrogen bonds, forming i?|(8) and i?|(12) rings, 
which are arranged in chains parallel to [010]. 

Related literature 

For hydrogen-bond patterns in phosphoric triamides of the 
formula i?C(0)NHP(0)[Ni? 1 i? 2 ] 2 and i?C(0)NHP(0)- 
[NHi? 1 ] 2 , see: Toghraee et al. (2011). For different cyclic 
hydrogen-bond motifs, see: Pourayoubi et al. (2011). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


N1-H1-02 1 


0.S6 


1.97 


2.7835 (18) 


157 


N3-H3-01" 


0.86 


2.06 


2.8972 (18) 


165 


Symmetry codes: (i) — 


c+ 1. -y 


f 1, -z + 2;(ii) 


-x+l.-y, -z + 2. 





Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: OLEX 
(Dolomanov et al, 2003); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008) and enCIFer (Allen et al., 
2004). 

Support of this investigation by Ferdowsi University of 
Mashhad is gratefully acknowledged. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5349). 
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Comment 

The possible hydrogen bond patterns in crystal structure of phosphoric triamides of the general formula 
i?C(0)NHP(0)[Ni? 1 i? 2 ] 2 and i?C(0)NHP(0)[Nffi? 1 ] 2 have been analyzed recently (Toghraee et al. , 201 1) and the hydrogen 

bonds strengths in these systems were discussed based on cyclic hydrogen bond motifs (Pourayoubi et al, 2011). It was 

7 

concluded that the 7? 2 (8) ring motif is generated by a pair of P(=0)---H-Nqo)NHP(0) hydrogen bonds between two neigh- 

1 2 

boring molecules in the crystal packing of phosphoric triamides of the formula 7?C(0)NHP(0)[N/? R ] 2 which contain a syn 

orientation of P(=0) versus N — H. In the case of phosphoric triamides of the formula 7?C(0)NHP(0)[NH/? ] 2 , crystal struc- 

2 2 

ture is usually composed of a chain of R2 (8) and R2 (12) ring motifs which alternately connected to each other. However, 

2 

a few other hydrogen bond patterns were also found. The R2 (8) motif is formed by two P(=0) - H-Nc(0)NHP(0) hydrogen 
2 

bonds andthe7? 2 (12) motif by two C(=0)---H-N am i c je hydrogen bonds. In this work, the synthesis and crystal structure of a 
new phosphoric triamide, P(0)[NHC(0)C6H4(3-F)][NH-C6H4-4-CH3] 2 , is reported. This investigation was carried out as 

part of a comprehensive study on the hydrogen bonds pattern in phosphoric triamides with formula 7?C(0)NHP(0)[NH/?'] 2 . 
The phosphorus atom has a distorted tetrahedral environment (Fig. 1). Comparison of the O-P-N angles indicates that 
the O-P-N 1 angle is smaller than ideal tetrahedral (107.02 (7)°) and the 0-P-N2 and 0-P-N3 angles (113.75 (7)° and 
116.29 (7)°, respectively) display larger than ideal values. This probably arises due to steric repulsion involving the P(=0) 
group. Moreover, there is no iz—n interaction between the two para-methyl phenyl groups. The C(=0) and P(=0) groups 
of the C(=0)NHP(=0) moiety are in anti positions relative to each other, contrary to the syn orientation of P(=0) and NH 
groups. The P(=0), C(=0) and P-N bond lengths and P-N-C bond angles are in the range of the expected values. In the 
crystal structure, molecules are linked through P(=0) - H-Nc(o)NHP(0) ar, d C(= O)— H-N^de hydrogen bonds (Table 1), 
to give a linear chain running along the b axis. 

Experimental 

Synthesis of 3-F-CgH4C(0)NHP(0)Cl2 A mixture of phosphorus pentachloride (3.773 g, 18.12 mmol) and 3-fluoroben- 
zamide (2.521 g, 18.12 mmol) were refluxed in CCI4 for 8 h, and then the resulting solution was cooled to the room tem- 
perature. Formic acid (0.834 g, 18.12 mmol) was syringed dropwise into the stirring solution in 20 min and stirred for 6 h 
to yield the white precipitate that was filtered and dried in vacuum. 

Synthesis of the title molecule To a solution of 3-F-C 6 H 4 C(0)NHP(0)Cl 2 (0.256 g, 1 mmol) in CHCI3 (20 ml), a 
mixture of p-toluidine (0.214 g, 2 mmol) and triethylamine (0.202 g, 2 mmol) in CHCI3 (5 ml) was added dropwise at 273 
K. After 4 h stirring, the solvent was evaporated in vacuum and then the resulting solid was washed with distilled water. 
Single crystals of title compound were obtained from a mixture of CH3OH, CH3CN and n-CgH^ after slow evaporation at 



sup-1 



supplementary materials 



room temperature. IR (KBr, cm" 1 ): 3355 (NH), 3313 (NH), 3081 (NH), 2921, 1651 (C=0), 1615, 1588, 1513, 1440, 1386, 
1267, 1235, 1210, 961, 870, 861, 817, 751. 

Refinement 

All H atoms were placed in calculated positions with C — H = 0.93-0.96A; N — H = 0.86A and were included in a riding- 
model approximation with Ui S0 (H) = 1.2U eq (C,N) or 1.5U e q(C met hyi). 



Figures 




Fig. 1. The molecular structure of the title compound. Ellipsoids are given at the 50% probab- 
ility level. 



iV-(3-Fluorobenzoyl)-iV,iV"-bis(4-methylphenyl)phosphoric triamide 



Crystal data 

C21H21FN3O2P 
M,-= 397.38 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 10.2132 (5) A 
6 = 9.8588 (4) A 
c = 20.2711 (9) A 
(3 = 93.621 (2)° 

V= 2037.02 (16) A 3 
Z=4 



F(000) = 832 

D x = 1.296 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 6910 reflections 

6 = 2.3-25.1° 

li = 0.17 mm 1 

T=296K 

Cubic, colorless 

0.25 x 0.22 x 0.14 mm 



Data collection 



Bruker APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 
r min = 0.662, 7 max = 0.745 
20105 measured reflections 



3844 independent reflections 

3061 reflections with I > 2a(7) 
R int = 0.030 

©max — 25.7 , 9 m i n — 2.9 

A = -12-»12 

jfc = -12-»ll 
/ = -24^24 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.039 
wR(F 2 ) = 0.109 
S= 1.04 

3844 reflections 
255 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 



H-atom parameters constrained 



w = l/[a 2 (Fo 2 ) + (0.0537.P) 2 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.003 

Ap m ax = 0.37 e A~ 3 
Ap m i„ = -0.35 e A~ 3 



0.6292P] 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


II- *IJJ 

^iso ' ^eq 


PI 


0.55273 (4) 


0.28199 (4) 


0.97803 (2) 


0.03501 (15) 


Fl 


0.00592 (13) 


0.50210 (15) 


1.10740 (8) 


0.0863 (5) 


Ol 


0.32311 (13) 


0.10156 (12) 


0.97315 (7) 


0.0522 (4) 


02 


0.62121 (12) 


0.41249 (11) 


0.97696 (6) 


0.0424 (3) 


Nl 


0.39319 (14) 


0.31600 (13) 


0.98654 (7) 


0.0384 (4) 


HI 


0.3699 


0.3994 


0.9901 


0.046* 


N2 


0.56968 (16) 


0.18952 (15) 


0.91224 (7) 


0.0457 (4) 


H2 


0.5594 


0.1032 


0.9149 


0.055* 


N3 


0.59807 (15) 


0.17934 (14) 


1.03822 (7) 


0.0407 (4) 


H3 


0.6244 


0.1001 


1.0273 


0.049* 


CI 


0.0244 (2) 


0.3949 (2) 


1.06744(11) 


0.0523 (5) 


C2 


0.14869 (18) 


0.36985 (19) 


1.04838 (10) 


0.0462 (5) 


H2A 


0.2185 


0.4259 


1.0621 


0.055* 


C3 


0.16722 (17) 


0.25899 (17) 


1.00822 (9) 


0.0381 (4) 


C4 


0.29931 (18) 


0.21885 (16) 


0.98807 (9) 


0.0375 (4) 


C5 


0.60112(19) 


0.24700 (18) 


0.85011 (9) 


0.0439 (4) 


C6 


0.7180 (2) 


0.3164 (2) 


0.84531 (11) 


0.0558 (5) 


H6 


0.7763 


0.3256 


0.8822 


0.067* 
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Atomic displacement parameters (A 2 ) 
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0.116 (2) 


0.0475 (14) 


-0.048 (2) 


0.0094(16) 


-0.0108 (15) 


C20 


0.0697 (15) 


0.0617(14) 


0.0588 (13) 


-0.0191 (12) 


0.0068 (11) 


-0.0095 (11) 


C21 


0.107 (2) 


0.0759 (17) 


0.0473 (13) 


-0.0201 (16) 


-0.0021 (13) 


-0.0073 (12) 



Geometric parameters (A, °) 








PI— 02 


1.4652 (12) 


C9— H9A 


0.9600 


PI— N3 


1.6297 (15) 


C9— H9B 


0.9600 


PI— N2 


1.6336 (15) 


C9— H9C 


0.9600 


PI— Nl 


1.6830 (14) 


C10— Cll 


1.380 (3) 


Fl— CI 


1.352 (2) 


C10— H10 


0.9300 


Ol— C4 


1.224 (2) 


Cll— C12 


1.377 (3) 


Nl— C4 


1.357 (2) 


Cll— Hll 


0.9300 


Nl— HI 


0.8600 


C12— H12 


0.9300 


N2— C5 


1.436 (2) 


C13— C14 


1.376 (3) 


N2— H2 


0.8600 


C13— C18 


1.386 (3) 


N3— CI 3 


1.415 (2) 


C14— C15 


1.381 (3) 


N3— H3 


0.8600 


C14— H14 


0.9300 


CI— C12 


1.364 (3) 


C15— C16 


1.376 (4) 


CI— C2 


1.373 (3) 


C15— H15 


0.9300 


C2— C3 


1.383 (3) 


C16— C17 


1.367 (4) 


C2— H2A 


0.9300 


C16— C19 


1.523 (3) 


C3— C10 


1.385 (3) 


C17— C18 


1.388 (3) 


C3— C4 


1.488 (2) 


C17— H17 


0.9300 


C5— C20 


1.369 (3) 


C18— H18 


0.9300 


C5— C6 


1.385 (3) 


C19— H19A 


0.9600 


C6— C7 


1.380 (3) 


C19— H19B 


0.9600 


C6— H6 


0.9300 


C19— H19C 


0.9600 


C7— C8 


1.373 (4) 


C20— C21 


1.386 (3) 


C7— H7 


0.9300 


C20— H20 


0.9300 


C8— C21 


1.378 (4) 


C21— H21 


0.9300 


C8— C9 


1.517(3) 






02— PI— N3 


116.29 (8) 


C8— C9— H9C 


109.5 


02— PI— N2 


113.75 (7) 


H9A— C9— H9C 


109.5 


N3— PI— N2 


103.00 (8) 


H9B — C9 — H9C 


109.5 


02— PI— Nl 


107.02 (7) 


Cll— C10— C3 


120.22 (19) 


N3— PI— Nl 


106.15 (7) 


Cll— C10— H10 


119.9 
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mi m \Ti 
JN2 — PI — JN 1 


1 1 n i "7 /ol 
11U.3 / (8) 


P/1 Ml T>1 

C4 — JN 1 — r 1 


m aci /1 i\ 
123.4y (12) 


P/1 \T1 111 

C4 — JN 1 — HI 


1 1 O 1 

116.3 


T>1 Ml XJ1 

r 1 — JN 1 — HI 


118.3 


pc \n T>i 
C5 — JN2 — r 1 


1T1 ah /ill 
ill .4 / (12) 


pc \n m 
Cj — JN2 — H2 


110 0 
116.6 


r 1 — JN2 — Hi 


1 1 o o 
116.6 


P1 1 Ml di 
C13 — JN J — r 1 


1 1£ CC /I 11 

120. jj (12) 


CI 3 — JN3 — H3 


1 1 <c n 
116. / 


r 1 — JN3 — Hi 


llo. / 


it 1 p 1 pn 

f 1 — CI — C12 


1 to 11 /i o\ 

118.31 (18) 


it 1 p 1 pi 
r 1 — CI — C2 


1 1 O A A /1 ai 

116. 4U (iy) 


rn p 1 pi 
C12 — CI — C2 


1 11 1 /II 

123.3 (2) 


P1 PI PI 

CI — C2 — C3 


1 1 O 11 / 1 ol 
11 6. 11 (18) 


p 1 pi m a 
C 1 — C2 — H2 A 


1 in a 
12U.V 


pi pi m a 
C3 — C2 — H2A 


1 i/i a 
12U.y 


pi /""i nn 
C2 C J — C 1 U 


1 1(1 oi /1 11 

ny.63 (i /) 


pi pi p/i 
C2 — C3 — C4 


in 1/1 / 1 /:l 
122.14 (16) 


pin pi p/i 

C 1 U — C3 — C4 


1 1 "7 QC /1 £1 

ii /.yj (io) 


pn p/i mi 
(J 1 — C4 — JN 1 


11/1 /T /) /1/T\ 

12U.64 (lo) 


r\\ p/i pi 

U 1 — C4 — Co 


ill 1 1 / 1 £1 
121.13 (lo) 


mi p/i pi 
JN 1 — C4 — Co 


110 11 /I /1 1 

116.22 (14) 


P1A pc p/: 
C2U — C5 — Co 


1 1 o m /1 ai 

116. y3 (iy) 


P^A PC M1 

C2U — C5 — JN2 


111 1 O / 1 Ol 

121.16 (16) 


p/; pc mi 
Co — C5 — JN2 


i in on /1 ol 

iiy.ey (is) 


p~7 p/; pc 
C / — Co — C5 


1 1 (i i /n 
ny. / (2) 


p"7 p/: u/; 
C / — Co — Ho 


1 id 1 

12U.1 


pc p/; u/; 
C5 — Co — Ho 


1 i/i 1 
12U.1 


PO P"7 P£ 

C6 — C / — Co 


1 ii 1 /ii 
122.1 (2) 


po p~7 m 
Co — C / — H / 


i in n 

ny.u 


p/; n in 
Co — C / — H / 


1 1 (1 A 

i iy.u 


C7— C8— C21 


117.5 (2) 


C7— C8— C9 


120.8 (3) 


C21— C8— C9 


121.7 (3) 


C8— C9— H9A 


109.5 


C8— C9— H9B 


109.5 


H9A— C9— H9B 


109.5 



C3 — C 1 U — hi 1 U 


1 1 A A 

ny.y 


PH nil pin 

C1Z — CI 1 — C1U 


1 1A A /1\ 

12U.4 (2) 


ph pi i iiii 
C1Z — CI 1 — rll 1 


1 1 A O 

ny.6 


pi a p 1 1 nil 
C 1 U — C 1 1 — H 1 1 


1 1 Q 0 

ny.6 


p 1 PIT p 1 1 

CI — C 1 Z — C 1 1 


1 1 O 11 /1 A\ 

ii6.i3 (iy) 


p 1 pn iii"> 
C 1 — C 1 Z — rl 1 Z 


1 1A A 

i2u.y 


p 1 1 pn t_j 1 o 
CI 1 — C1Z — H1Z 


1 1A A 

i2u.y 


p 1 /I pi 1 pi o 

C 1 4 — C 1 3 — C 1 o 


1 1 O A C / 1 A\ 

116.45 (iy) 


pi i pn mi 
C 14 — C 1 3 — JN 3 


1 1 A AA /1 "71 

i ly.uy (i /) 


P1 O p 1 0 XTO 

Clo — C13 — IN 3 


111 A A / 1 "71 

122.44 (1 /) 


p| 1 pi/1 p|f 

C 1 3 — C 1 4 — C 1 J 


1 1A "7 /II 

12U. / (2) 


PI 1 p 1 y| TT 1 y| 

C13 — C14 — H14 


1 1 A "7 

i iy. / 


pi r p 1 /i o 1 H 
CI J — C14 — H14 


1 1 A "7 

i iy. / 


P 1 /: PIC PI /I 

C 1 0 — C 1 D — C 14 


111 A /1 1 

121 .4 (2) 


pi/; p i c i i i c 

C 1 0 — C 1 j — H 1 3 


HQ 1 

ny.3 


PI | p|f I I 1 c 

C 14 — C 1 J — H 1 j 


1 1 A 1 

ny.3 


pn pi / pn 
C 1 / — C 1 o — C 1 j 


iiii /ii 

11/./ (2) 


p 1 -7 pi/ pm 

ci / — cio — ciy 


1 1/1 A /1 1 

12U.y (3) 


pk p|/ pm 
C 1 j — C 1 o — C 1 y 


111 A /"31 

121.4 (3) 


pi/ pn pi o 
ClO — CI / — Clo 


111 A /II 

i2i.y (2) 


pi / pn i t i "7 
Clo — CI / — HI / 


1 1 A A 

ny.u 


pi o pn 1 1 1 -7 
Clo — CI / — HI / 


1 1 A A 

ny.u 


pi i pi o pn 
C 1 3 — C 1 o — C 1 / 


1 1 A O /II 

ny.6 (2) 


pi 1 pi o mo 
C13 — Clo — Hlo 


1 in 1 

12U.1 


pn pi o mo 
C 1 / — C 1 o — H 1 o 


1 i/i 1 
12U.1 


pi /- p i n inn a 

Clo — C19 — HlyA 


1 A A C 

ioy.5 


pi /• pm 1 1 1 nn 

Clo — civ — HiyB 


1 AA C 


m n a pm m no 

h i yA — c i y — H 1 yt> 


1 AA C 

luy.D 


pi / pin m n/" 1 

cio — ciy — niyc 


1 AA C 


moA p i n 1 1 1 dp 

h i yA — c i y — h i yc 


1 AO C 

luy.j 


T T 1 (ID pm T T 1 PIP 

h i yB — c i y — h i yc 


109.5 


C5— C20— C21 


120.5 (2) 


C5— C20— H20 


119.8 


C21— C20— H20 


119.8 


C8— C21— C20 


121.3 (2) 


C8— C21— H21 


119.4 


C20— C21— H21 


119.4 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

Nl— Hl-02' 0.86 1.97 2.7835 (18) 157. 

N3— H3-Ol" 0.86 2.06 2.8972 (18) 165. 
Symmetry codes: (i) -x+1, -y+l, -z+2; (ii) -x+l, -y, -z+2. 
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